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billion years ago, which would generate heat in the repository and convert some fraction of the buried plutonium to buried fission products. While the quantity of fission products produced would be substantially smaller than those originally buried in the repository, they would be produced at a time thousands of years in the future, when nearly all of the original fission products would have decayed away and the engineered barriers to prevent their release might have failed. Although such a low-power underground reactor would not necessarily be a threat to public health or safety, this issue could interfere with licensing, and it is prudent to resolve it sooner rather than later.
One promising approach is to add another neutron poison to the glass, whose solubility in the repository environment is comparable to or lower than that of plutonium, such that it can be demonstrated that it will not be leached from the glass more quickly than the plutonium. Some of the rare earths, such as gadolinium, might be candidates. More research on this long-term criticality concern is required, but the committee believes that with methods such as these, the issue can be resolved in a few years at modest cost.
Safeguards, Security, and Recoverability. As noted earlier, the difficulty of extracting plutonium from the glass logs would be generally comparable to the difficulty of extracting plutonium from spent fuel, with respect to both the complexity of the chemical engineering operations involved and the intensity of the radiation fields with which anyone handling the logs would have to cope.
As for the opportunities for diversion or theft of the materials, it is important that all necessary plutonium operations for the vitrification option—both pit processing and production of the plutonium-bearing glass—could be carried out at a single nuclear weapons complex site with extensive safeguards and security. Thus, the number of required transportation and storage steps, and the associated opportunities for theft, would be less than in most of the reactor options.
Fabrication of HLW waste logs would also be easier to safeguard than fabrication of MOX fuel bundles.39 Monitors would have to confirm only the single step of mixing the plutonium with the HLW. Once that step had taken place, the plutonium would be in an intensely radioactive mix and very difficult to divert. There would be no capability within the vitrification facility for re-separating the plutonium from the HLW. MOX fabrication, by contrast, requires many steps involving large-scale bulk handling of plutonium with inherent accounting uncertainties, and at each step of the process the plutonium remains in a form from which it could be readily reseparated.
For the glass operation, however, once the plutonium had been mixed with the HLW and incorporated in glass, the very high radioactivity and strong neutron absorption of the glass log would make accurate nondestructive assays ofthe possibility of criticality in the repository.ver or Hanford, both ofutonium in highlv radioactive glass requiringncept, and even if agreement on such a far-reaching step could be reached, doing so would almost certainly be time-consuming, delaying
